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Abstract
7KHUHGSDOPZHHYLO Rhynchophorus ferrugineus 2OLYLHU
&XUFXOLRQLGDH5K\QFKRSKRULGDH'U\RSKWKRULGDHLVDOHWKDOSHVWRI\RXQJFRFRQXWSDOPV Cocos
nucifera /$UHFDOHV$UHFDFHDHZLWKDKLJKO\DJJUHJDWHGSRSXODWLRQGLVWULEXWLRQSDWWHUQ R.
ferrugineus LVPDQDJHGLQVHYHUDOFRFRQXWJURZLQJFRXQWULHVXVLQJDUHDZLGHSKHURPRQHEDVHG
SURJUDPPHVWKDWQHHGDVXEVWDQWLDOFRPPLWPHQWRIIXQGVRYHUDSHULRGRIWLPH2IWHQGHFLVLRQVWR
LPSOHPHQWDUHDZLGHPDQDJHPHQWRI R. ferrugineus DUHEDVHGRQSKHURPRQHWUDSFDSWXUHVLQ
VXUYHLOODQFHWUDSVDQGRULQIHVWDWLRQUHSRUWV,PSOHPHQWLQJDUHDZLGHPDQDJHPHQWRIWKLVSHVWRQWKH
EDVLVRIVXFKGDWDFDQEHLQDFFXUDWHDVLWPD\HLWKHUXQGHURURYHUHVWLPDWHWKHSHVWLQWHQVLW\LQWKH
ILHOG7KLVVWXG\SUHVHQWVVDPSOLQJSODQVIRUUDSLGDQGDFFXUDWHFODVVLILFDWLRQRI R. ferrugineus
LQIHVWDWLRQLQFRFRQXWSODQWDWLRQVRI,QGLDE\LQVSHFWLQJSDOPVWRGHWHFWLQIHVWDWLRQLQDVHTXHQFHXQWLOD
GHFLVLRQWRHLWKHULPSOHPHQWRUQRWWRLQLWLDWHDUHDZLGHPDQDJHPHQWRI R. ferrugineus FDQEHPDGH
7KHVDPSOLQJSODQVDUHEDVHGRQDFRPPRQDJJUHJDWLRQLQGH[RIDVVXPHGDFWLRQWKUHVKROGYDOXHV
RIHLWKHUSODQ$RUSODQ%SHUFHQWLQIHVWHGSDOPVDQGDULVNIDFWRURIPDNLQJWKHZURQJ
GHFLVLRQVHWDW8VLQJSODQV$DQG%LIWKHFXPPXODWLYHQXPEHURILQIHVWHGSDOPVLQD\RXQJ
KHFWDUHFRFRQXWSODQWDWLRQLV]HURRXWRISDOPVIRUERWKSODQVWKHQDUHDZLGHPDQDJHPHQWLVQRW
UHTXLUHGZKLOHRQWKHRWKHUKDQGLIWKHFXPPXODWLYHQXPEHURILQIHVWHGSDOPVIRUWKHVDPHDUHDLV
SODQ$RUSODQ%WKHQDUHDZLGHPDQDJHPHQWRI R. ferrugineus LVHVVHQWLDO7KHSURSRVHG
VDPSOLQJSODQVDUHHIILFLHQWWRROVLQGHFLVLRQPDNLQJSDUWLFXODUO\DWYHU\ORZDQGKLJKOHYHOVRI
LQIHVWDWLRQDQGFDQDOVREHXVHGWRDVVHVVWKHSHUIRUPDQFHRI R. ferrugineus ,30SURJUDPPHVWKDWDUH
LQSURJUHVV7KHVHSODQVQRWRQO\VDYHWLPHDQGPRQH\DVRQO\DVPDOODUHDQHHGVWREHVDPSOHGWR
DUULYHDWDFRUUHFWGHFLVLRQEXWDUHDOVRHIILFLHQWLQUDWLQJWKHLQIHVWDWLRQOHYHODFFXUDWHO\
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&RFRQXW Cocos nucifera / $UHFDOHV $UHFDFHDH
LV FXOWLYDWHG LQ  PLOOLRQ KHFWDUHV LQ 
FRXQWULHV ,Q ,QGLD WKH FURS LV JURZQ LQ 
PLOOLRQ KHFWDUHV DQG SURYLGHV OLYHOLKRRG WR RYHU
 PLOOLRQ SHRSOH 0DWKHZ  7KH UHG SDOP
ZHHYLO Rhynchophorus ferrugineus 2OLYLHU
&XUFXOLRQLGDH5K\QFKRSKRULGDH'U\RSKWKRULGDH
D FRQFHDOHG WLVVXH ERUHU RI SDOPV LV UHSRUWHG
IURP  SHU FHQW RI WKH FRFRQXW JURZLQJ FRXQWULHV
PDLQO\ IURP WURSLFDO 6RXWK DQG 6RXWK(DVW $VLD
)DOHLUR D ,QIHVWHG SDOPV LQ WKH HDUO\ VWDJH
RI DWWDFN UHVSRQG WR WUHDWPHQW ZLWK LQVHFWLFLGH
ZKLOH SDOPV LQ WKH ODWH VWDJH RI DWWDFN RIWHQ GLH
$EUDKDP et al.  *LYHQ WKDW FRFRQXW LV D
KLJK YDOXH FURS DQG R. ferrugineus LV D OHWKDO SHVW
WKLV FURSSHVW UHODWLRQVKLS ZDUUDQWV LPPHGLDWH
DFWLRQ WR FRQWURO WKH SHVW )DOHLUR D E 
UHFRPPHQG DQ DFWLRQ WKUHVKROG RI  LQIHVWHG
SDOPV WR LQLWLDWH DUHDZLGH IDUPHU SDUWLFLSDWRU\
PDPDJHPHQW RI R. ferrugineus LQ ODUJH
SODQWDWLRQV &XUUHQWO\ LW LV PDQDJHG E\
HPSOR\LQJ DQ LQWHJUDWHG SHVW PDQDJHPHQW ,30
VWUDWHJ\ FRPSULVHG PDLQO\ RI PDVV WUDSSLQJ DGXOW
ZHHYLOV XVLQJ IHUUXJLQHROEDVHG IRRG EDLWHG WUDSV
+DOOHWW HW DO  FURS DQG ILHOG VDQLWDWLRQ
SUHYHQWLYH FKHPLFDO WUHDWPHQWV RI ZRXQGV
WUHDWLQJ SDOPV LQIHFWHG ZLWK EXG URW GLVHDVH RU
LQIHVWHG ZLWK WKH FRFRQXW UKLQRFHURV EHHWOH
Oryctes rhinoceros, DWWDFN WR SUHYHQW DWWUDFWLRQ RI
R. ferrugineus DGXOWV ILOOLQJ IURQG D[LOV RI \RXQJ
SDOPV ZLWK PL[WXUH RI LQVHFWLFLGH DQG VDQG
FXUDWLYH WUHDWPHQW RI LQIHVWHG SDOPV LQ WKH HDUO\
VWDJH RI DWWDFN HUDGLFDWLQJ VHYHUHO\ LQIHVWHG
SDOPV FXWWLQJ IURQGV LI UHTXLUHG DW D GLVWDQFH RI
RQH PHWHU IURP WKH IURQG EDVH DQG HGXFDWLQJ DQG
WUDLQLQJ IDUPHUV DQG DJULFXOWXUDO RIILFHUV DERXW R.
ferrugineus±,30 $EUDKDP DQG .XULDQ 
$EUDKDPHWDO
7KLV ,30 SURJUDPPH ZDV LPSOHPHQWHG LQ
FRFRQXW SODQWDWLRQV DW VHYHUDO IDUPV LQ HQGHPLF
SRFNHWV RI 6UL /DQND DQG ,QGLD 5DMDSDNVH et al.
 )DOHLUR  ,Q GDWH SDOP KRZHYHU R.
ferrugineus KDV EHHQ PDQDJHG LQ PDQ\ PLGGOH
(DVWHUQ FRXQWULHV WKURXJK DUHDZLGH ,30
SURJUDPPHV LPSOHPHQWHG WKURXJKRXW WKH
SURYLQFHGLVWULFW DQG DUH ODUJHU DV FRPSDUHG WR
WKH DUHDZLGH R. ferrugineus,30 SURJUDPPHV
LPSOHPHQWHG LQ FRFRQXW SODQWDWLRQV RI 6RXWK $VLD
(]DE\ HW DO  $EUDKDP HW DO 
9LGK\DVDJDU HW DO  6RURNHU HW DO  7KH
VXSHULRULW\ RI DUHDZLGH ,30 SURJUDPPHV RYHU
WKH FRQYHQWLRQDO IDUPE\IDUP PDQDJHPHQW RI
LQVHFW SHVWV KDV EHHQ SUHYLRXVO\ UHFRPPHQGHG E\
PDQ\ .QLSOLQJ  /LQGTXLVW  0XPIRUG
 <X DQG /HXQJ  6XFK ,30
SURJUDPPHV FRQVLGHU WKH VSDWLDO DQG WHPSRUDO
GLVWULEXWLRQ RI WKH SHVW DUH ORQJ WHUP LQ QDWXUH
DQG DWWHPSW WR SHUVLVWHQWO\ UHGXFH WKH SHVW
SRSXODWLRQ LQ D UHODWLYHO\ ODUJH DUHD WR
QRQHFRQRPLFVWDWXV/LQGTXLVW
%HIRUH LPSOHPHQWLQJ DUHDZLGH PDQDJHPHQW RI
R. ferrugineus LQ FRFRQXW SODQWDWLRQV LW LV
HVVHQWLDO WR DFFXUDWHO\ DVVHVV GDPDJH OHYHO LQ WKH
ILHOG 7KH FRQFHSW RI VHTXHQWLDO DQDO\VLV SURSRVHG
E\ :DOG  KDV EHHQ XWLOL]HG LQ WKH SDVW WR
FODVVLI\ LQIHVWDWLRQ OHYHOV 2QVDJHU  %DVHG
RQ WKLV FRQFHSW VHTXHQWLDO VDPSOLQJ SODQV WR
UDSLGO\ FODVVLI\ LQIHVWDWLRQ DQG DFFXUDWHO\ GHFLGH
RQ LQLWLDWLQJ FRQWURO PHDVXUHV KDYH EHHQ
GHYHORSHG IRU D GLYHUVH UDQJH RI LQVHFW SHVWV LQ
VHYHUDO FURSV 0RUULV  :DWHUV  ,YHV DQG
:DUUHQ  6XPDQ DQG :DKL  5DL HW DO
 6KHSDUG HW DO  .XPDU  <X HW DO

+HUH WZR VHTXHQWLDO VDPSOLQJ SODQV DUH
SUHVHQWHG IRU LPSOHPHQWLQJ DUHDZLGH
PDQDJHPHQW RI R. ferrugineus LQ FRFRQXW ZKHUH
LQVSHFWLRQ RI \RXQJ SDOPV WR ORFDWH LQIHVWDWLRQ E\
R. ferrugineus LV GRQH UHSHDWHGO\ XQWLO DQ
DFFXUDWH GHFLVLRQ RQ LPSOHPHQWLQJ DUHDZLGH
PDQDJHPHQW RI R. ferrugineus FDQ EH PDGH 3ODQ
$ LV EDVHG RQ DQ DFWLRQ WKUHVKROG RI  LQIHVWHG
SDOPV ZKLOH SODQ % LV GHYHORSHG DW WKH ORZHU
DFWLRQWKUHVKROGRILQIHVWDWLRQ
Materials and methods
$V RXWOLQHG E\ 0RUULV  WKH ILUVW VWHS LQ WKH
GHYHORSPHQW RI D VHTXHQWLDO VDPSOLQJ SODQ LV WR
HVWDEOLVK WKH VSDWLDO GLVWULEXWLRQ RI WKH LQVHFW LQ
QDWXUH R. ferrugineus LV NQRZQ WR IROORZ D KLJKO\
DJJUHJDWHG RU FOXPSHG GLVWULEXWLRQ ZLWK D
FRPPRQ FOXPSLQJ SDUDPHWHU . RI 
HVWDEOLVKHG SUHYLRXVO\ E\ )DOHLUR HW DO  LQ
FRFRQXW SODQWDWLRQV RI ,QGLD ZKLFK LV XVHG IRU
WKLV VWXG\ . LV D YDOLG DQG UHDGLO\ FRPSXWHG
PHDVXUH RI DJJUHJDWLRQ IRU D ZLGH UDQJH RI LQVHFW
FRXQWV %OLVV DQG 2ZHQ  :DWHUV  7KH
VHTXHQWLDO VDPSOLQJ SODQV GHYHORSHG KHUH IRU
LQLWLDWLQJ DUHDZLGH PDQDJHPHQW RI R.
ferrugineus LQ FRFRQXW SODQWDWLRQV RI ,QGLD DUH
EDVHG RQ DFWLRQ WKUHVKROG OHYHOV RI  SODQ $
DQG   SODQ % LQIHVWHG SDOPV $OWKRXJK
)DOHLUR D DQG E SURSRVHG DUHDZLGH
PDQDJHPHQW RI R. ferrugineus DW  LQIHVWDWLRQ
WKH KLJK YDOXH RI WKH FURS DQG WKH OHWKDO QDWXUH RI
WKH SHVW PD\ ZDUUDQW HDUO\ DFWLRQ DJDLQVW R.
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH ferrugineus +HQFH SODQ % RI WKLV DUWLFOH LV
GHYHORSHG WR LQLWLDWH DUHDZLGH PDQDJHPHQW RI R.
ferrugineus DW   LQIHVWHG SDOPV %RWK
VDPSOLQJ SODQV DUH GHYHORSHG DW D ULVN IDFWRU RI D
DQG E VHW DW  ZKHUH D LV WKH SUREDELOLW\ RI
UHFRPPHQGLQJ DUHDZLGH PDQDJHPHQW ZKHQ LW LV
QRW UHTXLUHG DQG E LV WKH SUREDELOLW\ RI IDLOLQJ WR
UHFRPPHQG DUHDZLGH PDQDJHPHQW ZKHQ
UHTXLUHG
7KH DFFHSWDQFH DQG UHMHFWLRQ OLQHV IRU WKH
K\SRWKHVLV RI ³QRW LPSOHPHQWLQJ DUHDZLGH
PDQDJHPHQW RI R. ferrugineus´ DUH EDVHG RQ WKH
VHTXHQWLDO SUREDELOLW\ UDWLR WHVW 6357 IRUPXODH
RXWOLQHG E\ :DOG  DQG IRXQG LQ 6RXWKZRRG
DQG+HQGHUVRQ DV
G 6QK DQGG  6QK
ZKHUH G DQG G DUH WKH FXPXODWLYH PD[LPXP
DQG PLQLPXP LQIHVWHG SDOPV SHU KHFWDUH IRU QRW
UHFRPPHQGLQJ DQG UHFRPPHQGLQJ DUHDZLGH
PDQDJHPHQW RI R. ferrugineus UHVSHFWLYHO\ DQG Q
LV WKH DUHD VDPSOHG LQ KHFWDUHV ,Q ,QGLD WKH
JHQHUDO UHFRPPHQGDWLRQ IRU SODQWLQJ FRFRQXW
YDULHV IURP  WR  P LQ WKH VTXDUH V\VWHP RI
SODQWLQJ ZKLFK DFFRPPRGDWHV D SODQW SRSXODWLRQ
YDU\LQJ IURP  WR  SDOPV SHU KHFWDUH
7KDPSDQ  $ SDOP GHQVLW\ RI  SDOPV SHU
KHFWDUHLVDVVXPHGIRUWKHSXUSRVHRIWKLVVWXG\
R. ferrugineus PRVWO\ DWWDFNV \RXQJ SDOPV EHORZ
WKH DJH RI  \HDUV 1LUXOD  KHQFH WKH
QXPEHU RI SDOPV VDPSOHG LQ WKH VXVFHSWLEOH DJH
JURXS UDWKHU WKDQ WKH DUHD FRYHUHG ZRXOG IRUP
WKH EDVLV RI VDPSOLQJ WR GHWHFW R. ferrugineus
LQIHVWHGSDOPV
6 VORSH .>ORJTTORJST ST@
ZKHUH . LV WKH LQGH[ RI DJJUHJDWLRQ S  P  .
S  P . T  S  DQG T  S  DQG P DQG
P DUH WKH ORZHU DQG XSSHU OHYHOV RI WKH
LQIHVWDWLRQ VHW DW  DQG  RI WKH DVVXPHG
DFWLRQ WKUHVKROG OHYHOV 8VXDOO\ P ZRXOG
FRUUHVSRQG WR WKH HFRQRPLF WKUHVKROG ZKLFK LV
WKH OHYHO DW ZKLFK WUHDWPHQW VKRXOG EH LQLWLDWHG WR
SUHYHQW HFRQRPLF ORVV 6WHUQ HW DO  )XUWKHU
K  LQWHUFHSWRIWKHORZHUOLQHDQGLVJLYHQE\
K  ORJ%ORJSTST
ZKHUH %  E D DQG K  WKH LQWHUFHSW RI WKH
XSSHU OLQH ZKLFK LV JLYHQ E\ ORJ $ORJ
STST ZKHUH $    ED DQG D DQG E DUH WKH
SUREDELOLWLHV RI IDLOLQJ WR UHFRPPHQG WKH FRUUHFW
GHFLVLRQ LH DFFHSWLQJ DQG UHMHFWLQJ DUHDZLGH
PDQDJHPHQW ZKHQ QRW UHTXLUHG DQG UHTXLUHG
UHVSHFWLYHO\ZKLFKDUHVHWDWLQWKHVHSODQV
7KH RSHUDWLQJ FKDUDFWHULVWLF 2& DQG WKH DYHUDJH
VDPSOH QXPEHU $61 FXUYHV DUH KHOSIXO LQ
YLVXDOL]LQJ WKH SHUIRUPDQFH RI WKH VHTXHQWLDO
VDPSOLQJ SODQ %LQQV HW DO  %LQQV DQG
1\URS  7KH 2& DQG $61 FXUYHV ZHUH
FDOFXODWHG EDVHG RQ WKH IRUPXODH RXWOLQHG IRU
QHJDWLYH ELQRPLDO GLVWULEXWLRQ E\ 2DNODQG 
DQG :DWHUV  7KH 2& FXUYHV IRU WKH WZR
VDPSOLQJ SODQV LQ WKLV LQYHVWLJDWLRQ JLYH WKH
SUREDELOLW\ /S RI QRW UHVRUWLQJ WR DUHDZLGH
PDQDJHPHQW RI R. ferrugineus DW YDULRXV OHYHOV RI
LQIHVWDWLRQSDQGDUHGHULYHGIURP
/S $K $K %K
ZKHUH $ DQG % DUH GHILQHG HDUOLHU DQG K LV WKH
GXPP\ YDULDEOH ZKLOH S    T TK
STSTK  )XUWKHU WKH $61 FXUYH
GHYHORSHG IRU SODQV $ DQG % LQ WKLV VWXG\ LQGLFDWH
WKH QXPEHU RI VDPSOHV DW GLIIHUHQW OHYHOV RI
LQIHVWDWLRQDQGDUHJLYHQE\
(SQ K K±K/S.S±6
ZKHUHKK/S.SDQG6DUHGHILQHGDERYH
Results and Discussion
7KH WZR GHFLVLRQ OLQHV IRU UHMHFWLQJ RU DFFHSWLQJ
WKH K\SRWKHVLV RI QRW LPSOHPHQWLQJ DUHDZLGH
PDQDJHPHQW RI R. ferrugineus DW DQ DFWLRQ
WKUHVKROG RI  DUH SUHVHQWHG LQ SODQ $ DV G  
Q ±  DQG G  Q   ZKHUH G LV
WKH PD[LPXP YDOXH IRU WKH ORZHU FODVV DQG G WKH
PLQLPXP YDOXH IRU WKH XSSHU FODVV LQ WHUPV RI
FXPXODWLYH QXPEHU RI SDOPV LQIHVWHG DQG Q LV WKH
DUHD LQ KHFWDUHV WR EH VDPSOHG $ VWULFWHU DVVXPHG
DFWLRQ WKUHVKROG RI   LQIHVWHG SDOPV ZDV DOVR
FRQVLGHUHG WR ZRUN RXW GHFLVLRQ OLQHV IRU UHMHFWLQJ
RU DFFHSWLQJ WKH DERYH K\SRWKHVLV DQG DUH
SUHVHQWHG XQGHU SODQ % DV G   Q ± 
DQG G  Q   ZKHUH GG  DQG Q KDYH
EHHQH[SODLQHGDERYH)LJXUH
,Q RWKHU ZRUGV LQ SODQ $ LI G  Q ± 
WKHQ WKH LQIHVWDWLRQ GXH WR R. ferrugineus LV UDWHG
DV OLJKW DQG DUHDZLGH PDQDJHPHQW LV QRW
UHTXLUHG ZKLOH RQ WKH RWKHU KDQG LI G  Q 
 WKH LQIHVWDWLRQ OHYHO LV UDWHG DV KLJK
ZDUUDQWLQJ WKH QHHG WR LPSOHPHQW DUHDZLGH
PDQDJHPHQW RI R. ferrugineus 6LPLODUO\ XQGHU
SODQ % WKH HTXDWLRQV WR UDWH WKH LQIHVWDWLRQ GXH WR
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH Figure 16HTXHQWLDOVDPSOLQJSODQVIRUDUHDZLGHPDQDJHPHQWRI Rhynchophorus ferrugineus LQFRFRQXW
R. ferrugineus DV OLJKW RU KLJK ZRXOG EH G 
Q ±  DQG G  Q  
UHVSHFWLYHO\ ZKHUH GG  DQG Q DUH GHVFULEHG
DERYH %HJLQQLQJ LQ WKH ¶V VHTXHQWLDO
VDPSOLQJ SODQV KDYH EHHQ GHYHORSHG WR GHFLGH RQ
WKH FRQWURO RI LQVHFW SHVWV LQ VHYHUDO FURSV IRU
VSUXFH EXG ZRUP 0RUULV  FDEEDJH ORRSHU
+DUFRXUW  6KHSDUG  RNUD IUXLW ERUHU
5DL HW DO EURZQ SODQW KRSSHU LQ ULFH
6KHSDUG HW DO  .XPDU  OHSLGRSWHUDQ
FDWHUSLOODUV LQ IUHVK PDUNHW FROODUG 6PLWK DQG
6KHSDUG
,Q SODQV $ DQG % VDPSOLQJ LV FRQWLQXHG XQWLO WKH
LQIHVWDWLRQ LV HLWKHU EHORZ WKH ORZHU RU DERYH WKH
XSSHU GHFLVLRQ OLQHV 6LPLODUO\ WKH FXPXODWLYH
LQIHVWDWLRQ IRU GLIIHUHQW VDPSOHV GUDZQ FDQ EH
FRPSDUHG QXPHULFDOO\ ZLWK WKH YDOXHV SUHVHQWHG
LQ 7DEOH  EHIRUH DUULYLQJ DW D GHFLVLRQ WR LQLWLDWH
DUHDZLGH PDQDJHPHQW RI R. ferrugineus )RU
H[DPSOH LQ SODQ $ DQG SODQ % LI WKH FXPXODWLYH
QXPEHU RI LQIHVWHG SDOPV LQ RQH KHFWDUH LV ]HUR
RXW RI  SDOPV WKHQ DUHDZLGH PDQDJHPHQW LV
QRW UHTXLUHG ZKLOH RQ WKH RWKHU KDQG LI WKH
FXPXODWLYH QXPEHU RI LQIHVWHG SDOPV LQ WKH VDPH
DUHD IRU SODQV $ DQG % LV  RU  UHVSHFWLYHO\ WKHQ
DUHDZLGH PDQDJHPHQW LV HVVHQWLDO 6LPLODUO\ LI
WKH LQIHVWDWLRQ OHYHO LQ SODQ $ IRU RQH KHFWDUH LV
EHWZHHQ ]HUR DQG ILYH SDOPV WKHQ DGGLWLRQDO
VDPSOLQJ LV UHTXLUHG ZKLOH XQGHU SODQ % IRU WKH
VDPH DUHD LI WKH LQIHVWDWLRQV UHFRUGHG DUH
EHWZHHQ ]HUR DQG IRXU WKHQ QR GHFLVLRQ FDQ EH
PDGH E\ VDPSOLQJ RQH KHFWDUH DQG DQ DGGLWLRQDO
 SDOPV ZLOO KDYH WR EH VDPSOHG 7KLV W\SH RI
VDPSOLQJ LQ VHTXHQFH ZLOO FRQWLQXH XQWLO DQ
DFFXUDWH GHFLVLRQ WR HLWKHU LPSOHPHQW RU QRW WR
LPSOHPHQW DUHDZLGH PDQDJHPHQW RI R.
ferrugineus FDQEHPDGH7DEOH DQG )LJXUH
7KHVH VDPSOLQJ SODQV FDQ DOVR EH XVHG WR DVVHVV
WKH SHUIRUPDQFH RI R. ferrugineus,30
SURJUDPPHV WKDW DUH DOUHDG\ LQ SURJUHVV
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH Table 16HTXHQWLDOVDPSOLQJWDEOHIRULQLWLDWLQJZLGHDUHDPDQDJHPHQWRI R. ferrugineusLQFRFRQXW
Cumulative number of infested palms
Assumed action threshold (1%) Assumed action threshold (0.5%) Area sampled (h) Number of palms sampled
Lower limit Upper limit Lower limit Upper limit
  1'  1' 
  1'  1' 
  1'  1' 
  1'  1' 
  1'  1' 
  1'  1' 
  1'  1' 
    1' 
    1' 
    1' 
    1' 
    1' 
    1' 
     
     
     
     
     
     
     
     
     
     
     
     
     
     
     
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
1'±1RGHFLVLRQFDQEHPDGH
3KHURPRQH EDVHG R. ferrugineus ,30
SURJUDPPHV KDYH EHHQ XVHG WR VXFFHVVIXOO\
PDQDJH WKH SHVW RQ FRFRQXW LQ 6UL /DQND DQG
,QGLD 5DMDSDNVH HW DO )DOHLUR 
+RZHYHU WKHUH LV QR LQIRUPDWLRQ RQ WKH GXUDWLRQ
VXFK SURJUDPPHV QHHG WR EH SXUVXHG &DUU\LQJ
RQ ZLWK R. ferrugineus,30 LQ WKH ILHOG ZKHQ QRW
UHTXLUHG ZRXOG EH XQQHFHVVDULO\ H[SHQVLYH ,I
XSRQ VDPSOLQJ D JLYHQ RSHUDWLRQDO DUHD ZKHUH R.
ferrugineus,30 LV LQ SURJUHVV DQG LW LV
UHSHDWHGO\ DVFHUWDLQHG WKDW WKH FXPXODWLYH
LQIHVWDWLRQ LV EHORZ WKH ORZHU OLPLW 7DEOH  WKHQ
WKH RQJRLQJ R. ferrugineus,30 SURJUDPPH
FRXOG EH HLWKHU FDOOHG RII RU VFDOHG GRZQ
PDLQWDLQLQJ RQO\ PRQLWRULQJVXUYHLOODQFH
DFWLYLWLHV IRU WKDW SDUWLFXODU RSHUDWLRQDO DUHD DQG
GLYHUWLQJ YDOXDEOH UHVRXUFHV ZKHUH WKH SHVW LV
PRUH VHYHUH ZKHUH WKH FXPXODWLYH QXPEHU RI
LQIHVWHG SDOPV LV SHUVLVWHQWO\ DERYH WKH XSSHU
OLPLW 7DEOH  ,I KRZHYHU LQIHVWDWLRQ OHYHOV IRU D
JLYHQ DUHD DUH EHWZHHQ WKH ORZHU DQG XSSHU
OLPLWV WKHQ WKH R. ferrugineus,30 SURJUDPPH
LQ SURJUHVV ZLOO KDYH WR EH FRQWLQXHG 7KLV LV
XQOLNH GHFLVLRQ PDNLQJ IRU LQLWLDWLQJ DUHDZLGH
PDQDJHPHQW RI R. ferrugineus ZKHQ QR GHFLVLRQ
FDQ EH PDGH DW LQIHVWDWLRQ OHYHOV WKDW DUH EHWZHHQ
WKH ORZHU DQG XSSHU OLPLWV RI WKH VDPSOLQJ SODQV
SUHVHQWHG LQ 7DEOH  $V PHQWLRQHG SUHYLRXVO\ IRU
LPSOHPHQWLQJ DUHDZLGH PDQDJHPHQW RI R.
ferrugineus DGGLWLRQDO DUHDV LQ XQLWV RI  SDOPV
ZLOO KDYH WR EH VDPSOHG DW VXFK LQWHUPHGLDWH
LQIHVWDWLRQ OHYHOV XQWLO D GHILQLWH GHFLVLRQ RQ
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH Figure 22SHUDWLQJFKDUDFWHULVWLF2&FXUYHVIRUWKHVHTXHQWLDOVDPSOLQJSODQVRI Rhynchophorus ferrugineus
LQFRFRQXW
LQLWLDWLQJ DUHDZLGH PDQDJHPHQW FDQ EH PDGH
6HTXHQWLDO VDPSOLQJ SODQV LQFOXGH WKH
SUHGHWHUPLQHG DFFXUDF\ DQG DFWLRQ WKUHVKROG
OHYHOV 2QVDJHU  DQG KHQFH DVVLVW LQ PDNLQJ
D UHDOLVWLF DVVHVVPHQW RI RQ JRLQJ ,30
SURJUDPPHV ,Q FRFRQXW WKH XVH RI SKHURPRQH
WUDSV EDLWHG ZLWK IRRG WR PDVV WUDS WKH DGXOW
SRSXODWLRQ LQ HQGHPLF SODQWDWLRQV LV D YLWDO
FRPSRQHQW RI WKH ,30 VWUDWHJ\ IRU DUHDZLGH
PDQDJHPHQW RI R. ferrugineus 5DMDSDNVH et al.
 )DOHLUR  $ UHFHQW VWXG\ LQYROYLQJ
DUHDZLGH PDQDJHPHQW RI R. ferrugineus LQ
FRFRQXW SODQWDWLRQV DORQJ WKH (DVW FRDVW RI ,QGLD
KDV VKRZQ WKDW PDVV WUDSSLQJ RI WKH SHVW RYHU D
SHULRG RI  PRQWKV EHWZHHQ -DQXDU\  WR
-XO\  UHGXFHG LQIHVWDWLRQ OHYHOV LQ WZR
YLOODJHV IURP  DQG  SHU FHQW WR  DQG 
SHUFHQWUHVSHFWLYHO\6XMDWKDHWDO
7KH 2& FXUYHV IRU SODQV $ DQG % RI WKLV VWXG\ JLYH
WKH SUREDELOLW\ / S RI DFFHSWLQJ WKH K\SRWKHVLV
LH QRW LPSOHPHQWLQJ DUHDZLGH PDQDJHPHQW RI
R. ferrugineus IRU D UDQJH RI LQIHVWDWLRQ PHDQV
$V LQGLFDWHG LQ )LJXUH  LQ ERWK SODQV WKH
SUREDELOLW\ RI QRW DFFHSWLQJ WKH K\SRWKHVLV LV KLJK
DW ORZ LQIHVWDWLRQ PHDQV ZLWK WKH UHYHUVH EHLQJ
WUXH DV LQIHVWDWLRQ LQFUHDVHV 7KLV SURYHV WKH
DFFXUDF\ RI WKH SODQV GHYHORSHG +RZHYHU DV
VKRZQ E\ WKH VLPXODWLRQ WRROV SURYLGHG E\ %LQQV
HW DO  DW KWWSZZZQ\VDHVFRUQHOOHGX
HQWIDFXOW\Q\URSFSGP D SHUIHFW 2& FXUYH
ZRXOG KDYH D KRUL]RQWDO OLQH DW ORZ LQIHVWDWLRQ
PHDQV \  IROORZHG E\ D YHUWLFDO GURS DW WKH
WKUHVKROG ZLWK D VXEVHTXHQW KRUL]RQWDO OLQH WR
LQILQLW\DWKLJKLQIHVWDWLRQPHDQV\ 
)XUWKHU WKH $61 FXUYHV SUHVHQWHG LQ )LJXUH 
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH Figure 3$YHUDJHVDPSOHQXPEHU$61FXUYHVIRUWKHVHTXHQWLDOVDPSOLQJSODQVRI Rhynchophorus ferrugineus
LQFRFRQXW
UHYHDO WKDW DW ORZ DQG KLJK LQIHVWDWLRQ OHYHOV ORZHU
QXPEHU RI VDPSOHV DUH UHTXLUHG ZKLOH DW PHGLXP
LQIHVWDWLRQ OHYHOV PRUH VDPSOHV DUH QHHGHG ZKLFK
DJDLQ VKRZV WKH DFFXUDF\ RI WKH VDPSOLQJ SODQV
GHYLVHG 6LPLODU 2& DQG $61 FXUYHV KDYH EHHQ
GHYHORSHG WR WHVW WKH DFFXUDF\ DQG YLVXDOL]H WKH
SHUIRUPDQFH RI VHTXHQWLDO VDPSOLQJ SODQV IRU
VHYHUDO LQVHFW SHVWV LQ WKH SDVW 0RUULV 
:DWHUV  +DUFRXUW  5DL HW DO 
.XPDU  7KH VLJQLILFDQFH RI 2& DQG $61
FXUYHV LQ VHTXHQWLDO VDPSOLQJ WR HYDOXDWH WKH
DFFXUDF\ RI FODVVLI\LQJ WKH LQIHVWDWLRQ DQG QXPEHU
RI VDPSOH UHTXLUHG KDV EHHQ RXWOLQHG E\ 1\URS
DQG%LQQV DQG %LQQVDQG1\URS
$FFRUGLQJ WR 5XHVLQN DQG .RJDQ  ZKHQ
VHTXHQWLDO VDPSOLQJ SODQV DUH RSHQHQGHG
VDPSOLQJ PD\ FRQWLQXH LQGHILQLWHO\ 7KLV FDQ
KDSSHQ DW PHGLXP OHYHOV RI LQIHVWDWLRQ 7R RYHU
FRPH WKLV SUREOHP RI FRQWLQXRXV RSHQHQGHG
VDPSOLQJ WKH PD[LPXP QXPEHU RI VDPSOHV
FRPSXWHG WKURXJK WKH $61 FXUYHV IRUPV WKH EDVLV
WR DUULYH DW D FXWRII SRLQW DW ZKLFK VDPSOLQJ
VKRXOG EH VWRSSHG DQG D GHFLVLRQ WR LPSOHPHQW
DUHDZLGH PDQDJHPHQW RI R. ferrugineus VKRXOG
EH WDNHQ $V SHU WKH $61 FXUYHV LQ WKLV VWXG\ ZH
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH SURSRVH WKDW VDPSOLQJ VKRXOG EH VWRSSHG DW 
KHFWDUH  SDOPV IRU SODQ $ ZKLOH IRU SODQ %
WKH FXWRII SRLQW UHFRPPHQGHG LV  KHFWDUH
SDOPV
Conclusion
7KH VDPSOLQJ SODQV GHYLVHG LQ WKLV SDSHU IRUP WKH
EDVLV RI UDSLGO\ DQG DFFXUDWHO\ FODVVLI\LQJ
LQIHVWDWLRQ OHYHOV GXH WR R. ferrugineus LQ FRFRQXW
DQG SURYLGH SHVW PDQDJHUV D YDOXDEOH WRRO WR
FRQILGHQWO\ GHFLGH RQ LQLWLDWLQJ DUHDZLGH
PDQDJHPHQW RI R. ferrugineus LQ FRFRQXW
SODQWDWLRQV RI ,QGLD EHVLGHV DVVLVWLQJ DVVHVVPHQW
RI WKH LPSDFW RI RQ JRLQJ PDQDJHPHQW
SURJUDPPHV WKHUHE\ RSWLPL]LQJ WKH XVH RI
UHVRXUFHVDYDLODEOH
References
$EUDKDP 9$ )DOHLUR -5 $O6KXDLEL 0$ 3UHP .XPDU 7
 $ VWUDWHJ\ WR PDQDJH UHG SDOP ZHHYLO
Rhynchophorus ferrugineus 2OLY RQ 'DWH 3DOP Phoenix
dactylifera /± ,WV VXFFHVVIXO LPSOHPHQWDWLRQ LQ
$O+DVVD .LQJGRP RI 6DXGL $UDELD Pestology 

$EUDKDP 9$ .XULDQ &  $Q LQWHJUDWHG DSSURDFK WR WKH
FRQWURO RI Rhynchophorus ferrugineus ) WKH UHG ZHHYLO RI
FRFRQXW SDOP Proceedings, 4th Session of the FAO
Technical Working Party on Coconut Production,
Protection and Processing  6HSWHPEHU .LQJVWRQ
-DPDLFD
$EUDKDP 9$ $EGXOOD .R\D .0 .XULDQ &  ,QWHJUDWHG
PDQDJHPHQW RI UHG SDOP ZHHYLO Rhynchophorus
ferrugineus 2OLY LQ FRFRQXW JDUGHQV Journal of
Plantation Crops 6XSSOHPHQW 
%LQQV 05 1\URS -3  6DPSOLQJ LQVHFW SRSXODWLRQV IRU
WKH SXUSRVH RI ,30 GHFLVLRQ PDNLQJ Annual Review of
Entomology  
%LQQV 05 1\URS -3 9DQ GHU :HUI :  Sampling and
monitoring for crop protection decision making& $ %
,QWHUQDWLRQDO/RQGRQ
%OLVV &, 2ZHQ $5*  1HJDWLYH ELQRPLDO GLVWULEXWLRQ ZLWK
DFRPPRQµ.¶ Biometrika  
(O(]DE\ ) .KDOLID 2 (O$VVDO $5DKPDQ $O$ILIL 0$
$O6KDULI $O%DGDZ\ $  ,QWHJUDWHG 3HVW
0DQDJHPHQW IRU WKH FRQWURO RI UHG SDOP ZHHYLO LQ WKH
8$( (DVWHUQ UHJLRQ $O$LQ 3URFHHGLQJV )LUVW
,QWHUQDWLRQDO FRQIHUHQFH RQ GDWH SDOPV0DUFK
 $O$LQ8$(
)DOHLUR -5 D ,QVLJKW LQWR WKH PDQDJHPHQW RI UHG SDOP
ZHHYLO Rhynchophorus ferrugineus 2OLYLHU %DVHG RQ
H[SHULHQFHV RQ FRFRQXW LQ ,QGLD DQG GDWH SDOP LQ 6DXGL
$UDELD Fundación Agroalimed -RUQDGD ,QWHUQDFLRQDO
VREUH HO 3LFXGR 5RMR GH ODV 3DOPHUDV ± 1RYHPEHU
  9DOHQFLD6SDLQ,6%1;
)DOHLUR -5 E $ UHYLHZ RI WKH LVVXHV DQG PDQDJHPHQW RI
UHG SDOP ZHHYLO Rhynchophorus ferrugineus &ROHRSWHUD
 5K\QFKRSKRULGDH  LQ FRFRQXW DQG GDWH SDOP GXULQJ WKH
ODVW RQH KXQGUHG \HDUV International Journal of Tropical
Insect Science  
)DOHLUR -5 $VKRN .XPDU - 5DQJQHNDU 3$  6SDWLDO
GLVWULEXWLRQ RI UHG SDOP ZHHYLO Rhynchophorus
ferrugineus 2OLY &ROHRSWHUD  &XFXOLRQLGDH LQ FRFRQXW
SODQWDWLRQV Crop Protection  
)DOHLUR -5  3KHURPRQH WHFKQRORJ\ IRU WKH PDQDJHPHQW
RI UHG SDOP ZHHYLO Rhynchophorus ferrugineus 2OLYLHU
&ROHRSWHUD  5K\QFKRSKRULGDH ±$ NH\ SHVW RI FRFRQXW
Technical Bulletin No.4, ICAR Research Complex for
Goa. SS
+DOOHWW 5+ *ULHV * %RUGHQ -+ &]\]HZVND ( 2HKOVFKODJHU
$& 3LHUFH +' $QJHULOOL 13' 5DXI $  $JJUHJDWLRQ
SKHURPRQHV RI WZR $VLDQ SDOP ZHHYLOV Rhynchophorus
ferrugineus DQG R. vulneratus Naturwissenschaften 

+DUFRXUW '*  6HTXHQWLDO VDPSOLQJ SODQ IRU XVH LQ
FRQWURO RI FDEEDJH ORRSHU RQ FDXOLIORZHU Journal of
Economic Entomology  
,YHV :*+ :DUUHQ */  6HTXHQWLDO VDPSOLQJ SODQV IRU
ZKLWHJUXEV Canadian Entomologist  
.XPDU -$  6DPSOLQJ RI ,QVHFW 3RSXODWLRQV$ 6WDWLVWLFDO
6WXG\ Master of Science Thesis $QGKUD 3UDGHVK
$JULFXOWXUDO8QLYHUVLW\+\GHUDEDG,QGLD SS
.QLSOLQJ ()  3ULQFLSOHV RI LQVHFW SDUDVLWLVP DQDO\]HG
IURP QHZ SHUVSHFWLYHV 3UDFWLFDO LPSOLFDWLRQV IRU
UHJXODWLQJ LQVHFW SRSXODWLRQV E\ ELRORJLFDO PHDQV
Agriculture Handbook 693 :DVKLQJWRQ '&86
'HSDUWPHQWRI$JULFXOWXUH$JULFXOWXUDO5HVHDUFK6HUYLFH
/LQGTXLVW '$7DQ +.  3HVW PDQDJHPHQW VWUDWHJLHV
DUHDZLGH DQG FRQYHQWLRQDO Area-wide control of fruit
flies and other insect pests  2[IRUG8QLYHUVLW\
0DWKHZ 07  &RFRQXW LQGXVWU\ LQ ,QGLD $Q RYHUYLHZ
Indian Coconut Journal  
0XPIRUG -'7DQ +.  (FRQRPLFV RI DUHDZLGH SHVW
FRQWURO Area-wide control of fruit flies and other insect
pests  2[IRUG8QLYHUVLW\
0RUULV 5)  $ VHTXHQWLDO VDPSOLQJ WHFKQLTXH IRU VSUXFH
EXG ZRUP HJJ VXUYH\V Canadian Journal of Zoology 

1\URS -3 %LQQV 053LPHQWHO '  4XDQWLWDWLYH PHWKRGV
IRU GHVLJQLQJ DQG DQDO\]LQJ VDPSOLQJ SURJUDPPH IRU XVH
LQ SHVW PDQDJHPHQW CRC handbook of pest management
in agriculture  &5&SUHVV
1LUXOD ..  ,QYHVWLJDWLRQ RQ WKH SHVWV RI FRFRQXW SDOP
3DUW,9 Rhynchophorus ferrugineus Indian Coconut
Journal  
2DNODQG *%  $Q DSSOLFDWLRQ RI VHTXHQWLDO DQDO\VLV WR
ZKLWHILVKVDPSOLQJ Biometrics  
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH 2QVDJHU -$  7KH UDWLRQDOH RI VHTXHQWLDO VDPSOLQJ ZLWK
HPSKDVLV RQ LWV XVH LQ SHVW PDQDJHPHQW USDA Technical
Bulletin No 1526
5DL 6 )DOHLUR -5 9DVLVKW $.  6HTXHQWLDO VDPSOLQJ SODQ
IRU RNUD IUXLW ERUH Earias vittella )DE Annals of
Agricultural Research ± 
5DMDSDNVH &1. *XQDZDUGHQD 1( 3HUHUD .)* 
3KHURPRQH EDLWHG WUDS IRU WKH PDQDJHPHQW RI UHG SDOP
ZHHYLO Rhynchophorus ferrugineus ) &ROHRSWHUD
&XUFXOLRQLGDH SRSXODWLRQ LQ FRFRQXW SODQWDWLRQV Cocos
 
5XHVLQN :* .RJDQ 00HWFDOI 5/ /XFNPDQ :+  7KH
TXDQWLWDWLYH EDVLV RI SHVW PDQDJHPHQW  6DPSOLQJ DQG
PHDVXULQJ Introduction to insect pest management 
 -RKQ:LOH\DQG6RQV
6KHSDUG 0  $ VHTXHQWLDO VDPSOLQJ SODQ IRU WUHDWPHQW
GHFLVLRQ RQ WKH FDEEDJH ORRSHU RQ FDEEDJH
Environmental Entomology  
6KHSDUG 0 )HUUHU (5 .HQPRUH 3( 6XPDQJLO -3 
6HTXHQWLDO VDPSOLQJ SODQW KRSSHUV LQ ULFH Crop
protection  
6PLWK -3 6KHSDUG %0  $ ELQRPLDO VHTXHQWLDO VDPSOLQJ
SODQ XVLQJ D FRPSRVLWH WKUHVKROG IRU FDWHUSLOODU
PDQDJHPHQW LQ IUHVK PDUNHW FROODUG Journal of
Agricultural and Urban Entomology  
6RXWKZRRG 75( +HQGHUVRQ 3$  Ecological methods 
%ODFNZHOO6FLHQFH/WG2[IRUG
6XPDQ &/ :DKL 6'  6HTXHQWLDO VDPSOLQJ SODQ IRU RQLRQ
WKULSV Thrips tabaci / Entomon  
6XMDWKD $ &KDODSDWKLUDR 5DR 1%9 5DR '95  )LHOG
HYDOXDWLRQ RI WZR SKHURPRQH OXUHV DJDLQVW UHG ZHHYLO
Rhynchophorus ferrugineus 2OLY LQ FRFRQXW JDUGHQV LQ
$QGKUD 3UDGHVK Journal of plantation crops 

6RURNHU 9 %OXPEHUJ ' +DEHUPDQ $ +DPEXUJHU5LVKDG 0
5HQHK 6 7DOHEDHY 6 $QVKHOHYLFK / +DUDUL $5 
&XUUHQW VWDWXV RI UHG SDOP ZHHYLO LQIHVWDWLRQ LQ GDWH SDOP
SODQWDWLRQVLQ,VUDHO Phytoparasitica  
6WHUQ 90 6PLWK 5) 9DQ 'HQ %RVFK 5 +DJHQ .6  7KH
LQWHJUDWHGFRQWUROFRQFHSW Hilgardia  
7KDPSDQ 3.  Hand book of coconut palm 2[IRUG DQG
,%+3XEOLVKLQJ&R
9LGK\DVDJDU 3639 0RKDPPHG +DJL $ER]XKDLUDK 5$
$O0RKDQQD 2( $O6DLKDWL $$  ,PSDFW RI PDVV
SKHURPRQH WUDSSLQJ RQ UHG SDOP ZHHYLO DGXOW SRSXODWLRQ
DQG LQIHVWDWLRQ OHYHO LQ GDWH SDOP JDUGHQV RI 6DXGL $UDELD
Planter  
:DWHUV :(  6HTXHQWLDO VDPSOLQJ LQ IRUHVW LQVHFW VXUYH\V
Forest Science  
:DWHUV :(  $ TXDQWLWDWLYH PHDVXUH RI DJJUHJDWLRQ LQ
LQVHFWV Journal of Economic Entomology  
:DOG$  Sequential analysis-RKQ:LOH\DQG6RQV
<X '- ;LD // )HQ :6 ;XH ::  6SDWLDO SDWWHUQ RI
Celypha pseudolaxicola ODUYDH SRSXODWLRQ ZLWKLQ GLIIHUHQW
SDUWV RI FURZQ DQG LWV DSSOLFDWLRQ Acta Agriculturae
Shanghai 
<X 5 /HXQJ 3  2SWLPDO SHVW PDQDJHPHQW  $
UHSURGXFWLYH SROOXWDQW SHUVSHFWLYH International Journal
of Pest Management 
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH 